The efflux of salt from human red blood cells suspended in isotonic sucrose plus low concentrations of salt, was measured under steadystate conditions. The relationship between the efflux and the log of the salt concentration can be fitted by two straight lines with a sharp inflection point, the steeper slope occurring at concentrations below 0.2 mm NaCl. The determining factor in the rate of efflux is the ionic strength rather than the specific monovalent cations or anions and the effects are completely reversible. With an increase in temperature, the effects of reduced ionic strength are more pronounced and the inflection point is shifted toward higher salt concentrations. An increase in pH leads to an increased efflux at a given ionic strength, but the size of the pH effect is small at low ionic strength. At a given pH, the data can be fitted by a simplified form of the Goldman equation suggesting that with reduction in ionic strength, the permeability remains constant until the inflection point is reached. At that ionic strength, a sharp reversible transition to a new permeability state occurs. The permeability increases with an increase in the external but not the internal pH.
out that the limiting factor in salt leakage was a cation permeability and that the driving force acting on the cation was not only its concentration gradient, but also the electrical gradient imposed by the anion distribution. Furthermore, he suggested that the eletrical potential might act not only as a driving force for cation efflux, but also might directly influence the cation permeability of the membrane.
Another factor that can influence the outflow of salt is the concentration of the fixed positive charges within the membrane. Passow (10, 11) has summarized earlier work which, together with a series of recent studies, suggests that the anion permeability of the red cell is dependent to a marked degree on the concentration of fixed positive charges in the membrane, perhaps R-NH3 groups, whose degree of dissociation can be influenced by the external pH and salt concentration. The cation permeability seems to depend, in a qualitative way, on the same fixed charges but in the opposite direction. That is, lowering the pH leads to an increased concentration of fixed charge, resulting in an increased anion permeability and a decreased cation permeability. The dissociation of the fixed charges, and therefore the permeability, is also influenced by lowering the ionic strength of the medium because of redistributions of H + and OH-that take place between the membrane and medium according to the Donnan equilibrium.
In the present paper the influence of ionic strength, ionic composition, temperature, and pH of the medium on salt efflux from red blood cells has been reappraised, using a modified technique that allows precise and continuous measurement under steady-state conditions, even at very low ionic strength (as low as 3 X 10 -6 M NaCl). From the data, an appraisal can be made of some of the factors that control the permeability of the red cell membrane to cations. METHODS The technique used in the present study is based on sensing the salt leakage by changes in the electrical conductivity of the medium. Wilbrandt (4) found a rapid initial increase in conductivity of suspensions of red cells in low electrolyte media, which was assumed to be associated with an exchange of cellular Cl-for OH-and then a slower continued increase which was due to salt leakage. The rates of leakage were, however, nonlinear because of their dependence on the continuously increasing external salt concentrations. Wilbrandt attempted to overcome these technical complications by extrapolating the slower component of the conductivity curve to zero time.
In the present study the technical problem was overcome by a system designed to maintain a constant external salt concentration and where necessary, a constant external pH, despite the continuous leakage of salt. A conductivity cell was used to "sense" small changes in electrolyte concentration due to leakage. By feedback through a "statting" device, the salt that leaked out was continuously diluted with isotonic sucrose so that the original conductivity was maintained within less than 1 % tolerance up to the external salt concentration of 20 mM per liter; above this concentration errors up to 4 % were detected by flame photometric analysis. The rate of addition of sucrose, recorded automatically, is directly proportional to the rate of leakage of salt.
The desired concentration of salt could be estimated from the conductivity of the suspension using a calibration curve of known salt solutions in isotonic sucrose, but was often checked directly by flame photometry. In many experiments the pH was also maintained at a constant level by a second statting device. The pH was "sensed" by a glass electrode and the acid produced was compensated by addition of isotonic sucrose plus NaOH solution at the same conductivity level as that in the red cell suspension so that the pH-stat did not disturb the conductivity stat.
The salt-statting device consisted of a Radiometeri PP 1042 direct reading conductivity meter as a sensing device, coupled to a Radiometer Autotitrator-Titrigraph (model TTT1) with a syringe drive for adding required amounts of sucrose solutions. The pH-statting device consisted of a Radiometer glass electrode coupled to a Radiometer Autotitrator-Titrigraph (Model TTT1) and syringe drive.
Human red cells from normal adults, collected in ACD and stored 5 to 30 days at 4°C, were used in most experiments, but fresh erythrocytes, collected in heparin or EDTA, then deprived of glucose (12 hr incubation at 37C) produced similar results. Immediately prior to use, cells were separated from plasma, washed in Na-Tris buffer at 7.4 to remove plasma protein, especially y-globulin adherent to the cells, 2 then washed twice in 0.95 % NaCl by alternate suspension and centrifugation (20 min at 1750 g). At the start of an experiment, isotonic sucrose with an appropriate concentration of salt was added to the packed cells which were then kept in suspension and aerated by stirring with a siliconized glass rod.
In the first minute a readjustment of pH was observed, representing the C1--OHshift noted by Jacobs (8) and studied in detail by Wilbrandt (9) . Thereafter the loss of salt proceeded at a virtually constant rate until about 25 to 30 % of the total salt content of the cells remained. Thereafter the rate diminished gradually and finally ceased ( Fig. 1 ). All measurements of rates reported in the paper were within the initial linear portion of the curve (excluding the immediate equilibration period), the usual observation period being 10 to 30 min. In fact, satisfactory measurements of salt efflux could be made in all experiments with a total loss of less than 10% of cellular salt. The observation period was kept short not only to stay on the linear portion of the leakage curve, but also to prevent the leaking ions from constituting a significant portion of the external electrolyte as time passed. In practice, no change in the rate of leakage was noted, although the cellular cations progressively comprised a greater proportion of the external electrolyte. This result is in agreement with the finding that the rate of leakage depends on the ionic strength of the medium and not on the particular salt (see Results). The hematocrit was kept 2 % or less in almost all I Radiometer equipment is available from the London Company, Cleveland, Ohio. ' If the cells are not washed in the Na-Tris buffer to remove y-globulin, they tend to agglutinate in low electrolyte media, presumably due to the change in surface charge at lowered ionic strength (12) .
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experiments in order to minimize errors in conductivity readings due to obstruction of the conductivity path of the medium by the cells themselves. In a few experiments at relatively high salt concentrations (above 15 mM) the hematocrit was 15% in order to obtain adequate rates of change of conductivity. In the latter experiments the statting was accomplished by conductivity but the salt concentrations were determined directly by flame photometry because the high hematocrit introduces considerable error into the calibration curve of conductivity vs. salt concentration. In experiments in which the external electrolyte concentration was less than 0.1 I M, the hematocrit was reduced to 0.1 to 0.5 % in order to decrease the amount of trapped intercellular electrolyte added with the experimental erythrocytes. Experiments were performed at 23 0 C, except in one series in which the temperatures were 14, 18, 25, 26, 30 , and 37C, with appropriate allowances for temperature effects on conductivity measurement. With no control exerted upon the pH, the initial value of the suspensions averaged 6.8 with an extreme range of 6.5 and 7.0 and with only small changes (0.1 pH unit) during the course of a 10 to 30 min experiment. In experiments designed to determine the effect of H+ on leakage rates, the pH of the medium was adjusted to a given level prior to observation by additions of HC1-or NaOH-sucrose solutions and the pH was then maintained at that level by the pH-stat. Detection of hemolysis was accomplished by measuring the optical density of cell-free medium at the end of the experiment and comparing it with values from known quantities of erythrocytes lysed in water; or by estimation from cyanmethemoglobin determinations on the cell-free final solution. Experiments were discarded if more than 0.1 % of the experimental cells were hemolyzed. In almost all cases, hemolysis was virtually zero because the cells shrink as salt leaks out. In fact, during the measured (linear) portion of the salt efflux, a proportional loss of water, measured by volume changes (hematocrit), was observed. Thus, on balance, the cells lose isotonic salt solution and the internal salt concentration does not change during the measurement of salt efflux.
The experimental suspending media consisted of various mixtures of salts and isotonic sucrose, such that salt concentrations were provided in the range 0.03 to 30
o O mM (including the trapped electrolyte in the centrifuged cells, which was the limiting value of the lowest concentrations). Osmolarities were determined by vapor pressure osmometer (Mechrolab Model 301 osmometer). The citrate-plasma medium from the stored cells was 295 to 310 milliosmols. The experimental suspending medium (sucrose and salt) was 300 milliosmols. No Ca + or Mg++ was provided in wash or experimental solutions.
RESULTS
Davson's observation (7) that the additon of salt to suspensions of erythrocytes in nonelectrolyte medium could stop the rapid cation leak implies that the low salt, nonelectrolyte medium does not irreversibly injure the permeability barrier. To establish the extent of reversibility in a quantitative manner, erythrocytes were permitted to leak in a medium of low electrolyte concentration, then were separated by centrifugation and permitted to leak in a medium of higher eletrolyte concentration, and finally were separated again and permitted to leak in a medium containing the original electrolyte concentration.
In other experiments the order of exposure was reversed. Two typical experiments are given in Table I . Although the leakage rates are over ten times as high in 0.07 mM NaCl as in 1.5 mM NaC , the rates of leakage are dependent only on the salt concentrations and not on the order of exposure. Similar experiments covering the range 0.05 to 30 mM NaC1 external electrolyte indicate no irreversible effects on the rate of salt leakage due to exposure to low salt concentrations. The rates of leakage as a function of salt concentration are also remarkly constant from blood sample to blood sample and experiment to experiment. For example, the mean value at 1.6 mM NaCl for 7 different blood samples was 18.3 mm per liter of cells/hr and the standard deviation was only 40.6.
The effect of external NaCl concentration on salt leakage is given in Fig occurred. The relationship between leakage and logarithm of concentration was still linear, but the slope was about thirty times as high.
Although the rate of leakage is remarkably dependent on the external salt concentration, it is remarkably independent of the nature of monovalent anions and cations used. In Table II the leakage rates are given for salt concentrations of 1.5 mM, using each of the alkali metal cations, NH + , and a variety of organic cations, all as chlorides. They are all virtually the same. Table II also indicates that a variety of monovalent anions (with Na+) give the same rates of leakage. Thus the rate of leakage depends only on the ionic strength and not on the nature of the salts in the medium.
The rate of leakage as a function of the external salt concentration is modified by temperature ( Fig. 3) . On a semilog plot two straight lines with a sharp inflection point are found at each temperature tested over the range 14 to 37 C. As the temperature is increased, however, the slopes to the right of the inflection point are increased and the inflection points are shifted to the right and upward (toward higher salt concentrations and higher fluxes). In contrast, the slopes to the left of the inflection points (at the lowest salt concentrations) are not influenced significantly by temperature. In Fig. 4 the slopes of Fig. 3 to the right of the inflection point are plotted according to the Arrhenius plot,
where V is the rate, and E is the energy of activation, R the gas constant, T the absolute temperature, and K a constant. A straight line can be fitted to the data. Fom the slope the value of E is approximately 12,000 cal per mole. E in this case must be considered to represent the "apparent" energy of activation because a series of coupled reactions may be involved rather than a single reaction.
The effect of pH on leakage is also rather complex. At concentrations of salt to the left of the inflection point, the rate of leakage is independent of pH (in the range 4 to 9). To the right of the inflection point, however, the leakage is increased at higher values of pH. A typical set of data is given in Fig. 5 for experiments carried out at 23 C, at a variety of external salt concentrations. At higher salt concentrations the effect of pH is proportionately higher and it tends to occur at higher pH values. For example, at 30 mM the leakage rate can be raised from 5 to 12 mM per liter per hr, a factor of 2.41 with the mid- is shifted because of a change in temperature (Fig. 3) , the region o1 pH sensitivity is also shifted in parallel. In other words the flux is sensitive to pH (in the range 4 to 9) only at ionic strengths higher than those at the inflection point, regardless of its position. It has been pointed out under Methods that when red cells are statted with isotonic sucrose, the salt leakage in the linear phase is accompanied by an outflow of an equivalent amount of water. In other words, the cells lose isotonic salt solution. A series of experiments were carried out to determine the relationship, if any, between salt leakage and water outflow. Two techniques were used. In one, the tonicity of the sucrose added to the system was continuously decreased so that the volume of the cells did not change, or was even increased during the entire period of measurement of salt leakage. In the other, a penetratingnonelectrolyte (glycerol, ethylene glycol) was added continuously together with isotonic sucrose at a concentration such that it penetrated at a rate that osmotically balanced the salt leakage, and consequently the cells did not lose water during the period of salt leakage. These experiments were of shorter duration than those described previously because the salt concentration within the cell fell continuously and the rate of leakage therefore decreased. The initial rate of salt leakage was the same with no net water outflow, or even with net water inflow, as with water outflow.
In the stored cells used in the present experiments, the Na+ level is 39.0 4 3.5 (SD) mM per liter of cells or 63.8 t 5.7 (SD) mM per liter of cell water' and the K + level is 52.0 4 4.0 (SD) mM per liter of cells, or 85.1 4-6.5 (SD) mM per liter of cell water. The data are based on eleven estimates. Small differences were found in the rates of Na and K efflux (determined by flame photometric analysis of the medium after an experimental run). At an external salt concentration of 1.5 mM at 23 C, the rate of K+ efflux relative to that of Na+, after correction for relative concentrations, was 0.7. As the external salt concentration was reduced and the rate of leakage increased, the relative differences between Na+ and K+ effluxes are less. Thus at 0.15 mM, the ratio was about 1.0. Cells partially loaded with other alkali metal cations show small but significant degrees of discrimination. The fluxes relative to Na at 1.5 mM external salt concentration were K+, 0.7 4-0.09 SD (15 estimates); Rb + , 0.83 4 0.11 SD (12 estimates); Cs + , 1.43 4-0.05 SD (10 estimates); and Li + , 2.30 4 0.27 SD (7 estimates).
DISCUSSION
When red blood cells are suspended in a medium in which most of the electrolyte is replaced by an osmotically equivalent concentration of the nonpene-trating nonelectrolyte sucrose, large outward concentration gradients are imposed on the anions and cations. Water, however, is initially in equilibrium. As the experiment proceeds, water as well as the salt is lost by the cells, with the rate of water outflow such that the cells lose isotonic salt solution. They therefore remain in osmotic equilibrium throughout the course of such an experiment, a result to be expected from the consideration that the red cell membrane is more permeable to water than to salt. The half-time for water movement is at least 70 times less than that for C1-, considering the data of Luckner (13) and Tosteson (15) for C1-and that of Paganelli and Solomon (14) for H 2 0. It can be concluded that the movement of water is secondary to and dependent upon the leakage of salt. On the other hand, the leakage of salt is not dependent on the movement of water. If the net water flow is prevented by a continuous dilution of the medium, or by the continuous addition of a penetrating nonelectrolyte, no change in the rate of salt outflux occurs.
The membrane of the red cell is very much more permeable to anions than to cations, by a factor of nearly 10 6 in the case of C1-compared to Na+ or K + (C1-data from Luckner (13) and Tosteson (15) ; Na + and K+ data from Solomon (16) and Glynn, (17) . For this reason, the first measurable change when cells are suspended in low electrolyte media is a reequilibration of anions, with an exchange of intracellular C1-for OH-of the medium (18) leading to the acidification of the medium studied in some detail by Wilbrandt (9) . The limiting factor in salt outflow must, therefore, be the cation outflow. The rates of salt outflow under various conditions reported here can therefore be related to two factors, the driving forces acting on the cation and the permeability of the membrane to cations. Davson (7) pointed out that the driving force acting on a cellular cation was not only its concentration gradient but also an electrical gradient created by the anion distribution that can be calculated from the Nernst equation
Wilbrandt (4) suggested that the electrical gradient might not only act as a driving force, but might also directly alter the permeability of the membrane to cations. Passow (10, 11) , on the other hand, considered that changes in permeability of the membrane to both cations and anions would result from changes in the pH within the membrane. The membrane is presumably a Donnan system with dissociable fixed charges. As the chloride concentration of the medium is reduced, Passow suggests that the C1-and OH-distribution ratios between the membrane and the medium change in parallel. The resulting change in membrane pH would alter the concentration of dissociated fixed charges in the membrane, leading to changes in permeability.
The driving force acting on cations of red cells in low electrolyte media can be quantitatively appraised. It remains relatively constant during the course of the present experiments, because the external salt concentration is regulated to a constant level by the starting device, and because internal salt concentration remains constant (the leakage being isotonic salt solution). The driving force can be arbitrarily divided into two components, the chemical and electrical gradients. The chemical gradient is the difference in the concentration of cations across the membrane. Because the outside concentration is always low compared to the inside concentration, the gradient is approximately the internal concentration (about 150 mM for cells in isotonic solutions). The electrical gradient is more complicated to assess. It can be calculated from the ratio Clo/Cli from the Nernst equation (7) . Clo, is known, but Cli depends on the concentration of anionic groups in hemoglobin which in turn NoCI CONC IN mM/LITER depends on the cellular pH and on the hemoglobin dissociation curve (assuming that the total cellular anion in cells free of bicarbonate is approximately the dissociated hemoglobin plus chloride). Harris and Maizels (19) determined the C1L/Cli ratios for red cells suspended in saline at different pH's. They also carried out a titration curve on cell hemolysate (primarily hemoglobin). The observed ratios were almost the same as those predicted from the hemoglobin titration curve assuming that the anions, Cl-and OHare in Donnan equilibrium, an assumption previously verified by others (20, 21) . Using the titration curve of Harris and Maizels, the ratio Clo/CIl has been calculated for cells suspended in low electrolyte media of known pH, and from the ratio of Clo/Cl,, the potential E has been determined. In Fig. 6 the calculated values of E are plotted against external salt concentration for a series of pH's. In each case, E is proportional to the log of the external salt concentration over the limits of the data.
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The titration curve for red cell hemolysate (19) covers the pH range 5.7 to 7.8 and it is approximately linear with an isoelectric point of 6.8 and a slope equivalent to a buffering capacity of about 50 meq per liter of cells per pH unit. More recent titration curves of human oxyhemoglobin (22, 23) indicate approximate linearity over a more extended range of pH (4.5 to 10), a somewhat higher isoelectric point (7.18) , and a shallower slope (45 meq per liter of cells per pH unit). The differences may be related to the ionic strength in which the titrations were carried out. The use of the latter data would shift the calculated values of E by less than 10%. It would change the slopes of the relationships of Fig. 6 only slightly, but not their linearity or relationships to each other. The titration data for hemolysate were used in the present calculations because they take into account the nonhemoglobin buffering capacity. The reason that the relationship is linear lies in the fact that the hemoglobin titration curve itself is approximately linear as a function of pH over a wide range.
The relationship between the driving force and the flux of ions may be exceedingly complex, depending on assumptions concerning the structure of the membrane and of the profile of the electrical gradient within the membrane. One form of the relationship was developed by Goldman (24) 
where Mj is the flux, Zj the valence, and uj the mobility in the membrane, and Cji and Cj, the concentrations, inside and outside, of the particular ion j, in this case the cellular cations Na+ and K+; a is the thickness of the membrane, E is the potential difference across the membrane, and F, R, and T have their usual meanings. From Fig. 6 it is clear that in almost all the experiments reported here, the value of E is greater than 50 my. Also, CO is considerably smaller than Ci. The value of the term exp-Zj ' /RT is therefore considerably less than 1, and C exp-Zj F P / RT is considerably less than Ci. Under these conditions, Wilbrandt (4) has pointed out, the Goldman equation for fluxes of monovalent cations, can be simplified to
where P is a permeability constant. Because Ci is constant in the present ex-periments, and because E is proportional to the log of the salt concentration (Fig 6) , the equation predicts straight line relationships between M and log of the external salt concentration. In Fig. 3 , it was demonstrated that the experimental data fall along two straight lines. These data have been replotted with the flux as a function of the calculated value of E (Fig. 7) . Again two straight lines can fit the data. According to equation 5, the slopes of Fig. 7 should be PF/RT Ci. Thus, according to the Goldman equation, the membrane behaves as though it had a constant permeability to the monovalent cations (Na+ plus K+) (1.5 X 10-12 cm sec) until the external salt concentration is reduced to 0.18 mM (or E is increased to 140 mv). Then the permeability changes abruptly to a new value, 45 times as high (6.75 X 10-11 cm per sec). Except for this abrupt change the system behaves as though the increased E in my rate of salt efflux on reduction of the external salt concentration can be attributed entirely to the increase in electrical driving force, the chemical driving force being constant and equal to Ci. In the experiment of Fig. 7 the value of E was shifted by changing the external salt concentration (with external pH constant). E can also be shifted at a constant salt concentration by changing the external pH (as the pH is increased, the potential is decreased appreciably; Fig. 6 ). In this case, however, the relationship vetween the flux and E is quite different. Although the flux tends to increase with a higher E resulting from lower salt concentrations, it tends to decrease with a higher E resulting from a reduction in pH ( Fig. 8 ). An attempt was made to separate these two opposing effects. The relationship between flux and E at constant pH has already been demonstrated in Fig. 7 , to fit equation 5, assuming a constant permeability between 0.18 and I83 30 mmn salt concentration. According to equation 5, the ratio M/E (flux/potential) should be independent of the salt concentration as long as the permeability is unchanged. According to Fig. 7, however, the curves are displaced upward, but still show the same curvature with pH. These two low concentrations are on the steep portion of the flux vs. potential relationship (Fig. 7) . The results in Fig. 9 suggest that superimposed on the relationship between flux and potential of Fig. 8 is an independent effect of external pH on permeability which takes the form of Fig. 9 . That is, the permeability increases more and more rapidly as the external pH is raised from 5 to 9. When the external pH or salt concentration is altered, the internal pH is also altered (because the anions, including OH-, rapidly assume a new equilibrium). The effects of pH on permeability demonstrated in Fig. 9 seem to be related only to the external pH. Fig. 10 demonstrates that the permeability (as measured by (M/E -10)), was almost constant, with only a 10% increase from pH 8.0 to 9.3 (excluding the steep rise above pH, of 9.3 that represents the sharp inflection at low ionic strength of the medium-to be discussed later). The same shift in external pH (from 8.0 to 9.0) results in a large change in permeability (Fig. 9 ). The increased permeability to cations with increased pH has been attributed by Passow to a decrease in the concentration of charged groups in the cell membrane, perhaps NH + groups, which are in a Donnan equilibrium with the medium. The effects of temperature on salt efflux (Fig. 3 ) are best explained in terms of changes in the permeability of the membrane to cations rather than by changes in driving force. The dissociation curve of hemoglobin is shifted in a complex manner by temperature depending on the pH range and the nature of the dissociating groups. In the experiments of Fig. 3 , the external pH was 6.8, but the calculated internal pH varied from 7.5 to 9.5. In this pH range, a change in temperature of from 14°to 37°C would shift the isoelectric point about 0.3 unit downward and increase the amount of ionized hemoglobin by about 15 meq per liter of cells (25) . The potential calculated from the chloride gradient would be reduced by about 7%. Yet the flux (at 2 mM) increased about sixfold. The Arrhenius plot of Fig. 4 must, therefore, represent the temperature characteristic of some membrane component that is involved in the permeability to cations. It is of some interest that the "apparent" activation energy of 12,000 cal per mole is reasonably close to the reported activation energy for the dissociation of NH + groups in proteins, of 9 to 13,000 cal per mole (26) , not inconsistent with Passow's suggestion that R-NH + groups in the membrane are involved in cation permeability.
The sharp inflection point in Figs. 2, 3, 7, and 10 represents a distinct discontinuity, a 45-fold increase in permeability in terms of equation 5, which cannot be explained in terms of any simple relationship of flux to driving forces, pH's, dissociations, etc. It does not occur at any particular internal or external pH, flux, or membrane potential. For example, in Figs. 2 and 3 the external pH is constant on both sides of the inflection points. In Fig. 5 , with the salt concentration of 0.15 and 0.22 mM, just above and below the inflection point, a shift in external pH from 4 to 9 with consequent shifts in the internal pH from 7.0 to 9.8 and potentials from 102 to 155, does not result in any shift from one limb of the flux relationship to the other. Yet in Fig. 3 with no change in external pH, and only minor changes in internal pH and potential, but with a change in temperature, the location of the inflection point is changed drastically. The inflection point seems to depend primarily on the ionic strength of the medium and on the temperature. It probably represents some kind of reversible phase transition or change in tertiary structure within the membrane dependent on conditions within the membrane, such as pH, which results in a shift in the permeability from one level to another.
The nature of the permeation process measured by salt efflux into low electrolyte can be specified to some degree: (a) it has a low specificity between K + and Na+; (b) at constant external pH, it follows the Goldman equation with the complicating factor of the transition to a higher permeability at low ionic strength; (c) it is influenced by pH and by temperature; (d) it can allow fluxes far higher than the saturation level of the cation transport carriers or exchange diffusion carriers, with no evidence of saturation. For example, the maximum transport fluxes for Na and K are 2 to 3 mM per liter of cells per hr (16, 17) , whereas the fluxes reported in this paper are as high as 250 mM per liter of cells per hr. (e) It is independent of cellular metabolism (the measurements were made in depleted, starved cells); (f) it is not influenced by bulk flow of water. It can be concluded that carrier systems, with or without energy intervention, are probably not involved but that the ions diffuse through the P. L. LACELLE AND A. ROTHSTEI
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membrane matrix driven by an electrochemical gradient, with the permeability dependent to a degree on fixed positive charges and on a reversible transition in structure that occurs at low ionic strength. The cation selectivity of the permeation system is relatively low. The order, Li+, Cs + , Na+, Rb + , K + , is not the order of hydrated or unhydrated radii. It does follow order V of Eisenman (27) based on a calculated anionic electrostatic field strength.
